Abstract-Polymethine laser dyes which fluoresce in the near infrared in organic solvents generally exhibit poor temporal stability at room temperature. Two typical laser-pumped polymethine dyes in aqueous solutions containing nonionic surfactants are investigated. Temporal stability was improved 20-fold, as compared to organic solutions, with no significant changes in laser-pumping threshold or tuning range.
Polymethine dye solutions were the first organic materials to operate successfully as lasing media [l] , [2] . Since 1966 over 30 polymethine chromophoric dyes have exhibited lasing action in organic solvents; a bibliography of these dyes may be found in [3] . In using these dyes, we have shared with others the frustration of observing the lasing efficiency of prepared organic solutidns deteriorate erratically in times ranging from a few hours to a few days.
In an attempt to increase the shelf life of solubilized polymethine laser dyes, and simultaneously decrease the temperature dependence of the solvent refractive index, we have investigated two typical dyes in aqueous solutions containing the nonionic surfactant Triton" X-100 [4] .' The dyes were DTDC iodide (3,3'-diethyl-2,2'-thiadicarbocyanine iodide) [2] and DMOTC iodide (3,3'-dimethyl-2,2'-oxatricarbocyanine iodide) [5], which we shall refer to as D-715 and D-735, respectively [3] .
The absorption ( A ) and fluorescent (0 emission spectra for the two dyes in ethanolic and in aqueous solution are given in Fig. 1 . These spectra were obtained using conventional spectrofluorometric techniques. The flporescent emission data were obtained with excitation at 632.8 nm; fluorescence was also observed using an excitation wavelength of 675 nm to more closely simulate the emission spectra produced by ruby-laser excitation, and the data exhibited no substantial differences from those shown in Fig. 1 .
Curves labeled (F-A) represent fluorescence spectra which have been noticeably altered by self-absorption, and this selfabsorption is a general feature of polymethine dyes we have used to produce laser action in the near infrared (at least at the concentrations required for efficient laser pumping). Such a. selfabsorption is thought to be responsible for the increase in laseroutput wavelength with increasing dye concentration which was observed by Miyazoe and Maeda [5]. In Fig. l(c) , the curves labeled (F) and (F-A) have been normalized to illustrate the general distortion of the fluorescence spectrum caused by selfabsorption.
The absorption cross section per dye molecule was calculated from these experiments. Table I gives values of the absorption cross section at the ruby-laser emission wavelength (694.3 nm) for both dyes in ethanolic and aqueous solutions. Lasing characteristics of the four dye-solvent combinations were investigated using a Q-switched ruby-laser pump and a multiple-pass dye-laser pumping configuration ([3] , and Fig.  I(c) ). The peak excitation power was about 20 MW, and the temporal history of the dye-laser output followed closely the 40-11s ruby pulse. A diffraction grating (blazed at 1.6-pm first order, 600 lines/mm, and used in second order) was the dispersive element and the rear cavity reflector, and the output mirror was 40-percent reflective.
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I-T I M E A F T E R SOLUBILIZATION (HOURS)
Efficient wavelength-tunable lasing action in the near infrared was observed in both organic and aqueous solutions, as shown in Fig. 2 . While no attempt was made to optimize either the dye concentration or the optical cavity parameters, the output energy of the dye laser E, was typically 5 percent of the pump energy E I N near the peaks of the tuning curves. These results, when compared with previous experiments using organic solvents [5], [6] , suggest that water-based polymethine solutions will provide wavelength-tunable laser performance covering the near infrared region of the spectrum with power outputs and tuning ranges comparable to organic solutions. Broadly speaking, we find the dye laser conversion efficiency (!?,/EIN) with aqueous solutions containing 0.5-2 percent by volume Triton X-100 (or similar surfactants) to be 20-30 percent smaller than the efficiency obtained with ethanol (C,H,0H) .2
The temporal stability of aqueous dye solutions at room temperature is strikingly superior to the performance of dyes in organic solvents. This is illustrated in Fig. 3 , where it is seen that the dye D-735 in water exhibited satisfactory laser performance over times more than 20-fold greater than a comparable ethanolic solution.
In these experiments, both dyes were ' The data comparing the relative lasing efficiencies of ethanol and water solutions were obtained at dye concentrations of molar with equal pump energies. I n our large cross-section dye-laser cell (1.5 X 1.5 cm) with multiple-pass pumping, lasing efficiency has been found to be substantially independent of concentration in the concentration range employed here.
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It is well known that alcohols absorb water when exposed to the atmosphere. The presence of free water molecules with strong electrical polarization (i.e., in the absence of the micellar structure created by a surfactant) could be responsible for degradation of the lasing properties of the dye solution.
Evidence obtained by others [7] -[10l2 using solutions of Rhodamine 6G in organic, aqueous, and solid solutions suggests that laser dyes may exhibit degradation solely from the effects of pumping radiation. The rate of photobleaching is influenced by the physical nature of the solvent and the p H of the solubilized mixture. While we have not observed a degradation of any polymethine laser dyes attributable to several hundred ruby-lase pumping cycles, a result in agreement with Sorokin et al. [6] and Hollier and Macomber [ 111, this effect could be sensitive to solvent properties such as viscosity and deserves further study.
